Meniere's disease is discussed in terms of diagnostic difficulties, histological findings and treatments pointing to the use of impedance techniques with this condition. Ten subjects were given a questionnaire, regarding the symptoms experienced at the time of testing and impedance measures were conducted. Acoustic impedance values were higher in 80% of the affected ears when compared to the unaffected ears. Four of these values were more than double those in the unaffected ears and three were above normal limits. Therefore, increased endolymphatic pressure appears to be reflected in the test results. It is felt that impedance techniques should be.included in the test battery for the diagnosis of Meniere's disease.
It has been hypothesised that the symptoms found in Meniere's disease may be related to increases in edolymphatic pressure. Recruitment and hearing loss are believed to result from hair cell distortion due to pressure increases in the scala media 32 . Feldman 30, 26 feels that the symptom of fullness in the ear is the subjective impression of saccule dilation, while vertigo occurs when the pressure in the endolymph has built up to its height. The remaining symptom, tinnitus, has not yet been explained 8 . Originally, endolymphatic hydrops (an accumulation of liquid in the endolymphatic spaces 7 ) was felt to be an essential finding in Meniere's disease 10 . This condition was found to have produced dilation of the saccule which occupied the whole vestibule and came into contact with the stapes footplate. Dilation of the scala media was also found. However, some authors have had negative findings in this respect 32 . Generally there is agreement that fluctuations in edolymphatic hydrops occur, linked to symptom fluctuation. 10, 30 . Many treatments, either medical or surgical, have been developed around the relief of increased endolymphatic pressure 7 , among these are attempts to control the formation and absorption of endolymph 21,31,30 o ue to symptom fluctuations, the success of these treatments is difficult to ascertain 7 , although generally, they have failed to give lasting relief 24 . The writer feels that pressure changes within the / endolymph may be detectable in the impedance i characteristics of the middel ear, via the oval window.
IMPEDANCE AUDIOMETRY
Impedance audiometry was first introduced by Metz, twenty five years ago. It is widely used in Europe and the United States, as an important part of the battery of special audiometric tests 14 . The techniques are used and designed to diagnose and distinguish between middle ear pathologies 4 . Determination of the ear canal volume, under various air pressure conditions, is the basis for all measures with the Electroacoustic Impedance Balancing Bridge 28 .
Sensori-neural pathologies, when tested using impedance techniques, appear as normal ears, providing the middle ear is normal. There has thus far been no real distinction between these, using impedance techniques, other than the detection of recruitment in the more severly impaired ears 12 .
Three basic impedance tests are generally used in order to gain a complete picture of the middle ear function:-Tympanometry -"The measurement of eardrum compliance" and mobility "under artificially induced air pressure changes in the ear canal" 16 . The measurement of the middle ear pressure is included in the test. Acoustic Impedance Measurement -the measurement of the amount of resistance to sound waves at the plane of the tympanic membrane 5 . Acoustic Reflex Measurements -detection of impedance changes as a result of contraction of one or both middle ear muscles 5 . The absence of this reflex may have several pathological causes 9 · 12 while Jerger notes that a small percentage of normal ears do not exhibit this reflex 12 .
The acoustic reflex is defined as "that level above the threshold of hearing, at which a sound is just capable of eliciting a reflex contraction of the stapedius muscle" 16 , this is usually at between 70 -lOOdB SL 12 . The reflex test is considered by Jerger 12 to be the most objective test of recruitment so far constructed.
In interpreting the results of these tests, normative data should be known, however this is not yet available excepting in the case of gross middle ear anomalies 13 . In Metz's study in 1945 wide variation in impedance values were found 28 and Jerger reports an overlap between normal and disordered ears 12 . There would be great advantages to be gained if impedance techniques could be added to the diagnostic test battery for Meniere's disease to confirm impressions already gained by the clinician 12 . This is especially true in cases of mental retardation or gross physical handicaps where other tests would not be suitable. When considering surgery, which may be unnecessary or dangerous, confirmation of diagnosis is important 21 . Variables such as stress, anxiety, fatigue (all exaggerated in sufferers of Meniere's disease), and intelligence factors could be eliminated due to the nature of impedance tests 8 In Subjects with Meniere's disease, Jerger 12 found type A tympanograms with normal acoustic impedance. The acoustic reflex was noted to occur at normal intensity levels i.e. 70 -lOOdB but at reduced sensation levels, indicating recruitment. However, Zwislocki 35 , Feldman 5 and Friedman 6 feel that impedance is influenced by the inner ear, notably the compliance of the cochlear windows and the acoustic impedance at the cochlear entrance 35 , which in turn is controlled by conditions existing in the inner ear 34 . Pathology of the inner ear that may in turn effect the middle ear via the cochlear windows 
METHOD

SUBJECTS
Ten subjects were obtained by contact with ENT specialists -6 males between the ages of 27 and 68 years with a mean age of 50 years, and 4 females between the ages of 35 and 62 years with a mean of 48 years 3 months. Due to difficulty in obtaining subjects, it was necessary to include subjects in whom presbycusis could have influenced test results. All subjects were White South Africans from various income groups as noted by their addresses of residence. The subjects were examined by ENT specialists within 10 months of taking part in the study and a diagnosis of unilateral Meniere's disease was made, based on the symptom triad and case history data. Otoscopic examination, no longer than 4 months prior to the study, confirmed that no middle ear pathologies existed.
Control for the experiment was supplied by the unaffected ear of each subject which was expected to show the normal impedance values for that individual.
PROCEDURE
Subjects were seen individually and took part in the following:
Completion of a questionnaire Pure tone audiometry (air and bone conduction) Impedance audiometry (tympanometry, acoustic impedance test and acoustic reflex measurements)
Questionnaire
The questionnaire was given to ascertain a possible correlation between the symptoms experienced and the test results. Questions were asked as to which of four symptoms were present, in which ear, with a description of the symptom where appropriate. The date of the last attack was also noted.
Pure Tone Audiometry Bilateral tests in the ascending order, for air and bone conduction were carried out, using a Maico MA 24 Audiometer, calibrated to the ISO 1964 reference standard and situated in an acoustically treated booth (IAC Series 1604-Act). Bone conduction was carried out for the speech frequencies and narrowband masking was used where appropriate, in air and bone conduction.
Impedance Audiometry
The Madsen ZO 70 Electro-acoustic Impedance Balancing Bridge was used to obtain the following three measures bilaterally: A tympanogram with readings taken for every pressure change of 50 mm of water. Middle ear pressure was also measured. Acoustic impedance was measured in acoustic ohms and calculated according to the mathematical formula.
Thresholds for the acoustic reflex were obtained for 1000 Hz, 2000 Hz, 4000 Hz, 500 Hz, and 250 Hz in that order, using the ascending method. Auditory signals were provided by an Amplivox 51 audiometer calibrated to the ISO 1964 standard, the limits of the audiometer being as follows:-250 Hz -75dB 2000 Hz -95dB 500 Hz -85dB 4000Hz-95dB 1000 Hz -95dB The reflex elicited was recorded for the stimulated ear.
RESULTS AND DISCUSSION
QUESTIONNAIRE
The symptoms included in the questionnaire were Meniere's traid plus 'fullness in the ear' which is increasingly being thought of as symptomatic of Meniere's disease 7 . 24 .3o,33 Although each subject had previously experienced all four symptoms, Table I shows that at the time of testing, five felt free of symptoms and five reported symptoms. Of these five subjects, all had tinnitus, four reported hearing losses, one had fullness in the ear and none experienced vertigo. The time that had elapsed since the last attack ranged from 1 to 11 months. Of the subjects later found to have hearing losses (seven in all), only four reported noticing such a loss. This may be due to compensation for the loss, by the good ear 23 · 32 for example in the case of Subjects 5 and 7. Tinnitus may also prove so disturbing that the hearing loss goes unnoticed 26 . Increased endolymphatic pressure cannot be presumed because of the presence of a hearing loss and/or tinnitus as these are reported to become independent of pressure changes in the later stages of the disease 2 · 21 · 33 .
Only Subject 8 experienced fullness in the ear which Lindsay 7 and Fick 30 regard as an indication of increased endolymphatic pressure. It is felt that this Subject could therefore show high acoustic impedance values.
In the earlier stages of the disease, Sataloff 26 reports the occurrence of unpredictable remissions for a few days or years with an unpredictable number of symptoms remaining, although the later stages of the disease are characterised by the symptom triad 8 · 26 .
PURE TONE AUDIOMETRY Table II shows that 7 Subjects had hearing losses in the affected ear. Bone conduction thresholds confirmed these losses to be sensori-neural.
The only hearing losses seen in the unaffected ears were recorded for Subjects 1,5,6, and 8, all over 60 years of age who had falling sensori-neural losses. It is possible that presbycusic hearing losses may have been superimposed on the losses due to Meniere's disease, thus giving the audiograms falling configurations wnich may not otherwise have occurred. Sataloff states that with presbycusic losses, both ears will be affected at the same rate 26 .
Three shapes of audiograms were recorded for the effected ears:- 
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Rising audiograms were seen in Subjects between 35 and 48 years of age where the losses were mild to moderate. It would seem that these Subjects had not reached advanced stages of the disease, as Meniere stated that deafness may become severe or complete in the later stages 33 . Age appears to correlate with audiometric configurations although the literature does not support this. Caparosa 2 , however, states that the disease most often begins in those over 30 years of age, and it would therefore be expected to reach its advanced stages in the later years of life.
IMPEDANCE AUDIOMETRY Tympanometry
All Subjects presented with bilateral Type A tympanograms with the exception of Subject 8 who had a Type Β tympanogram in the affected ear. Tympanograms were classified according to Jerger's descriptions 12 . If increased endolymphatic pressure is present and sufficiently great to influence impedance test results, the Subjects should have shown less compliance in the affected ear than expected in'normal subjects. However, none of the Subjects with Type A tympanograms reported the feeling of fullness in the ear, which is felt to reflect inner ear pressure increases 4 Normal middle ear pressures were to be expected if all Subjects had normal middle ears, due to the pressure equalising function of the Eustachian Tube 17 Otoscopic examination plus the results of tympanometry support the view that the Subjects were all free of middle ear pathologies. The normal middle ear pressure recorded for Subject 8 strengthens the hypothesis that the Type Β tympanogram was the result of interference with the normal movement of the stapes footplate due to inner ear pressure changes.
Acoustic Impedance Values The acoustic impedance values for the affected ears of Subjects without symptoms were as follows: -Subjects 5, 7, 9 and 10 -normal Subject 3 -high Three of these Subjects had higher values in the affected ear than in the unaffected ear. In Subjects 3,5,6 and 8 acoustic impedance values in the affected ear were more than double that in the unaffected ear. According to Jerger 12 , normal subjects may have acoustic impedance values from 800 to 4200 acoustic ohms, but the majority range from 1000 to 3000 acoustic ohms, with 10% overlap between normal and pathological ears. In this study, three Subjects had impedance values above 3000 acoustic ohms in the affected ear. If, as is presumed, the middle ear is normal, these results could be due to increase· endolymphatic pressure influencing test results i.3,-io,i8_
The acoustic impedance value of 3190 acoustic ohms for the affected ear of Subject 3 is close to the normal limits and his other test results were all normal. However, this acoustic impedance value is more than double that for the unaffected ear, a phenomenon also noted for Subjects 5, 6 and 8. Jerger 12 feels this great difference in impedance values for the ears of one individual could be an indication of pathology. However, this comparison can be made only if one ear is normal 12 . Inter-subject comparison is favoured in this study as normative data is insufficient for intra-subject comparison to be reliable 26 It is possible that individuals have different physical tolerances to increased endolymphatic pressure and, as a result, there is no single numerical value in acoustic ohms beyond which all subjects develop symptoms. A percentage increase over the individual's normal values may be the critical factor. All five Subjects who experienced symptoms, plus three of those who did not, had higher acoustic impedance values in the affected ear, making a total of 80% of the Subjects. The impedance value recorded for Subject 8 may have been sufficiently high to influence the movement of the tympanic membrane hence the Type Β tympanogram, unlike Subjects 3 and 6 whose impedance values were lower and whose tympanograms were normal. Subject 8 also experienced fullness in the ear thought to be the subjective impression of increased inner ear pressure 4 . TABLE IV. Acoustic reflex thresholds at sensation levels below 60 DB in affected ears.
HL = Hearing Level SL = Sensation Level
Acoustic Reflex Threshold Table IV shows the number and frequencies of acoustic reflexes for all Subjects, elicited below 60dB SL in the affected ear. The largest number of such reflexes was seen for 250 Hz with the numbers decreasing as the frequency increased.
Only 4 instances of reflexes at reduced sensation levels were recorded in the unaffected ears. They were:-Subject 1 -4000 Hz at a sensation level of 50 dB Subject 6 -4000 Hz at a sensation level of 40 dB Subject 8 -250 Hz at a sensation level of 55 dB 1000 Hz at a sensation level of 50 dB All these frequencies were felt to be influenced by presbycusis. Subjects 3, 9 and 10 showed no reflexes below 60 dB SL while Subject 8 did not demonstrate any reflexes in the affected ear, and only two reflexes (at below 60 dB SL) in the unaffected ear. In ears with normal hearing, no reflexes were elicited at below 60 dB SL. In determining the reflex thresholds, Jerger's definition of the threshold was used -the lowest level of the signal that can produce a deflection of the balance meter needle that can be observed 12 .
The presence of the reflex shows an intact reflex arc and the good working order of the middle ear 11 · 4 .
A reflex elicited at less than 60 dB SL is considered by Jerger 12 to be an indication of recruitment. Fowler 8 , described recruitment as a site of lesion indicator, demonstrating cochlear pathology, and recruitment would thus be predicted in ears showing sensori-neural hearing loss. The results of this study support this prediction. Results also corroborated evidence of other studies 12, 13, 35 as hearing becomes poorer, so the sensation level needed to elicit a reflex decreases.
The lowest recorded sensation level at which a reflex was elicited in this study was 30 dB. Jerger 13 noted 25 dB as the lowest level beyond which a reflex will not occur, but Ewertsen et al 16 found reflexes at 10 dB SL.
Of the three reflexes recorded for Subject 8, all were in the unaffected ear and 2 showed recruitment, possibly due to presbycusis. The lack of reflex response in the other frequencies could be due to the fact that he has only a relatively mild hearing loss in those frequencies and therefore does not experience recruitment. Feldman 4 feels that a hearing loss should cause a sufficient decrease in loudness to eliminate the acoustic reflex (providing there is no recruitment). Hearing thresholds in the affected ear of Subject 8 were such that a reflex could be expected only at 250Hz, due to the limits of the audiometer. No recruitment was shown in Subjects with normal hearing in the affected ear. in agreement with Fowler 16 , Williams 32 and Schuknecht 27 who associate recruitment with cochlear pathology. Those Subjects with no recruitment were also free of other symptoms of Meniere's disease and could be considered to have complete symptom remissions.
In this study, higher thresholds for the acoustic reflex may have been obtained by using the ascending method of tone presentation than if the descending method had been used. Test results seem to depend on the stage of development of the disease which Sataloff 26 feels, dictates whether a complete or partial remission occurs. Any diagnosis of Meniere's disease must be able to confirm the presence of recruitment which is one of the main features of the disease. This is clearly possible with impedance techniques. 
CONCLUSION
The results of the impedance technique employed in this study indicates one abnormal tympanogram and acoustic impedance values higher in 80% of the affected ears when compared to the unaffected ears. Four of these higher values were double the acoustic impedance in the unaffected ear of the same Subject, and three of the values were above normal limits. Recruitment was shown in all ears with hearing losses. The difference in acoustic impedance values between an individual's ears may be more important than the values per se.
Further studies using individuals who each experience several of the symptoms of Meniere's disease at the time of testing may result in more reliable findings. The findings of this study are limited due to the inclusion of Subjects who were in the age group where presbycusis can be expected and generalisations to the population of Meniere's disease sufferers cannot be made, due to the small number of subjects used. Impedance techniques could, after further research, have a place in a test battery for the diagnosis of Meniere's disease, where these may find additional application in recording the gradual pressure increase in the edolymphatic spaces. In this way, attacks may be predicted and appropriate preventative, treatment given. The evaluation of treatments for the relief of increased endolymphatic pressure may be enhanced by the use of impedance techniques.
